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ABSTRACT
During the research period (2001-2005), the lymph nodes of 123 wild boars from seven locations in the 
Republic of Croatia were tested for the presence of mycobacteria. Mycobacteria were isolated from the lymph 
nodes of 15 (12.2%) wild boars from fi ve locations. Specifi c hybridization showed that 11 (8.9%) isolates 
belonged to M. avium, 2 (1.6%) isolates were typed as M. fortuitum, and 2 (1.6%) isolates belonged to M. 
gordonae. All 11 isolates belonging to M. avium sp. were tested by means of the specifi c primers P1 FR300 and 
P2 FR300. Product size in all isolates was 300 bp, which confi rms that M. avium subsp. hominissuis was present 
in all of them. As in swine from intensive farming, M. avium subsp. hominissuis is a dominant mycrobacteria 
type in wild boar in Croatia. The results lead to the conclusion that the most important source for wild boar is an 
environment suitable for the development and survival of M. avium subsp. hominissuis, as confi rmed in earlier 
research studies by other authors.
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Introduction
There is no mycobacterial species specifi c to pigs such as Mycobacterium (M.) 
tuberculosis in humans, M. bovis in bovides or M. avium in poultry and birds. However 
pigs are susceptible to infections caused by members of the M. tuberculosis and M. 
avium complex as well as opportunistic mycobacterial species such as M. fortuitum 
and M. chelonae (CVETNIĆ et al., 1998; MATLOVA et al., 2004). Being widespread in the 
environment, potentially pathogenic mycobacteria are a frequent cause of mycobacteriosa 
in bovides, swine and humans. The environment (water, soil, sawdust, feedstuff, birds 
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etc.) is a risk factor for human and animal infections caused by the M. avium complex 
(CVETNIĆ et al., 1998; MARTIN and SCHIMMEL, 2000; REED et al., 2006; MATLOVA et al., 
2004; FISCHER et al., 2006). Considering its virulence for birds, the M. avium complex is 
divided in three groups. The fi rst group, M. avium subsp. avium includes serotypes 1, 2 
and 3 and is very pathogenic for birds and it has insertion sequence (IS901) (PAVLIK et al., 
2000; MIJS et al., 2002). The second group, M. avium subs. hominissuis includes serotypes 
4-6,8-11 and 21 and does not have IS901, but does have IS1245 (RITACCO et al., 1998). 
The third group, M. intracellulare includes serotypes 7, 12 - 20, 22 and 28 and has no IS 
element, and is not pathogenic for birds (MIJS et al., 2002). MACHACKOVA et al. (2003) 
and TRCKA et al. (2006) described the spread of various types of mycobacteria in wild 
boar in Central Europe and the Czech Republic. Previous studies in Croatia describe the 
fi ndings of M. avium complex and other mycobacteria in domestic pigs (CVETNIĆ et al., 
1998 and 2007). 
This paper presents the results of research into the presence of mycobacteria in wild 
boars in various regions of Croatia in the period from 2001 until 2005, and identifi cation 
of mycobacteria was done by various molecular methods.
Materials and methods
During the research period of fi ve years (2001 to 2005), samples of lymph nodes 
of 123 wild boars of various categories were submitted from regular hunting. The wild 
boars originated from 7 areas: Velika Gorica (6 samples), Sisak (18 samples), Novska (12 
samples), Nova Gradiška (10 samples), Đakovo (33 samples), Vinkovci (21 samples) and 
Beli Manastir (23 samples). 
Gross examination. For tests for the presence of mycobacteria, samples of lymph nodes 
were submitted (ln. submandibularis, ln. mesenterialis, ln. inguinalis, ln. mediastinalis, 
ln. hepaticus, ln. ileocaecales). Upon sampling, pathoanatomic inspection of lymph nodes 
and organs of wild boars on tuberculosis and other diseases was done. Laboratory testing 
was conducted on 110 samples of various lymph nodes in 2001, 219 in 2002, 94 in 2003, 
88 in 2004 and 19 in 2005. A total of 530 samples from 123 wild boars were examined in 
period from 2001-2005. 
Bacteriological examination. Lymph node smears were stained by Ziehl-Neelsen 
(ZN) and checked for the presence of acid-fast bacteria. Lymph nodes were homogenised, 
concentrated and decontaminated using NALC-NaOH and inoculated on standard nutrient 
media: Löwenstein-Jensen with pyruvate, Löwenstein-Jensen with glycerine, Stonebrink 
and Middlebrook 7H10 and incubated at 37 °C. The media were checked for growth of 
mycobacteria during the following two months at weekly intervals. All grown colonies 
were stained using ZN staining for acid-fast bacteria. Positive colonies were subcultivated 
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and identifi ed by specifi c hybridization and PCR methods (KENT and KUBICA, 1984; 
HANCE et al., 1989; KUNZE et al., 1992). 
Polymerase chain reaction (PCR). The fact that isolated strains belonged to the genus 
Mycobacterium was confi rmed by amplifi cation of the DNA sequence containing the 
gene coding 65 kDa antigen common for all mycobacteria. The primers TB1 (5’- GAG-
ATC-GAG-CTG-GAG-GAT-CC-3’) and TB2 (5’- AGC-TGC-AGC-CCA-AAG-GTG-
TT-3’) were used (HANCE et al., 1989). The amplifi cation product size using these primers 
is 383 base pairs. 
Isolated mycobacteria were specifi cally hybridised using Geno Type® Mycobacterium 
CM kit (Molecular Genetic Assay for identifi cation of the clinically most relevant 
Mycobacterium species from cultured material, Hain, Germany). The test enables 
differentiation of 14 important mycobacterial species namely: M. avium, M. chelonae, M. 
abscessus, M. fortuitum, M. gordonae, M. intracellulare, M. scrofulaceum, M. interjectum, 
M. kansasii, M. malmoense, M. peregrinum M. marinum/M. ulcerans, M. tuberculosis 
complex and M. xenopi. The procedure includes several steps: isolation of DNA from 
cultured mycobacteria, amplifi cation using biotinilated primers and reverse hybridisation. 
The hybridisation process includes chemical denaturation of the amplifi cation product, 
hybridisation using one chain biotinilated product on a membrane with a probe, addition 
of conjugate streptavidin- alkaline phosphatase and evaluation of coloration. 
Typing of isolated mycobacteria regarding integrated IS901 was performed using 
primers P1 FR300 (5’- CAG- CCA- GCC- GAA- TGT- CAT- CC- 3’) and P2 FR300 ( 5’ 
CAA- CTC- GCG- ACA- CGT- TCA- CC- 3’). Amplifi cation product size depends on 
the presence or absence of IS 901: If there is no incorporated IS901, product size is 300 
bp (M. avium subsp. hominissuis - serotypes 4-6, 8-11 and 21) or otherwise product size 
is 1700 bp (M. avium subsp. avium - serotypes 1, 2 and 3) (KUNZE et al., 1992).
In both tests visualisation was done after electrophoresis in 2% agarose gel using UV 
transluminator and camera (Bio-Capt, Vilbert Lourmat, France).
Results 
Bacteriological isolation and identifi cation of isolated mycobacteria. Mycobacteria 
were isolated from 15 (12.2%) of 123 wild boars. M. avium was identifi ed in 11 (8.9%), M. 
fortuitum in 2 (1.6%) and M. gordonae in 2 (1.6%) samples (Table 1). Mycobacteria were 
isolated from wild boars from 5 locations: Velika Gorica (1 isolate), Sisak (3 isolates), 
Nova Gradiška (1 isolate), Vinkovci (6 isolates) and Beli Manastir (4 isolates). All 15 
isolates were proven to belong to Mycobacterium sp. (Fig. 1).
Specifi c hybridisation by Geno Type® Mycobacterium CM kit was used to type all 15 
mycobacteria isolates of wild boar and 11 isolates marked as VG/1, BM/3, 4, 5, 6, S/7, 
S/8, V10,11,12,13 were found to belong to M. avium, 2 isolates marked DS/14 and DS/15 
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were typed as M. fortuitum, and those marked NG/2 and S/9 were of type M. gordonae 
(Table 2).






Number of mycobacteria isolates (%)
M. avium M. fortuitum M. gordonae
2001 29 3 3 0 0
2002 49 9 6 2 1
2003 21 1 1 0 0
2004 20 2 1 0 1
2005 4 0 0 0 0
Total 123 15 11 (8.9%) 2 (1.6%) 2 (1.6%)





M. avium sp. VG/1, BM/3,4,5,6S/7, S/8, V10,11,12,13
M. chelone 0
M. abscessus 0
M. fortuitum V/14, V/15







M.marinum /M. ulcerans 0
M. tuberculosis complex 0
M. xenopi 0
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Fig. 1. Evidence of belonging to Mycobacterium sp. (65 kDa) of isolates from wild boar samples
Legend: 600 - amplifi cation product size of 600 base pairs (bp); NK - negative control of amplifi cation; PK 
- positive control of amplifi cation (Mycobacterium bovis subsp. caprae); Mycobacteria isolates from wild boar 
were lined by number and hunting ground code VG1 - Velika Gorica (1 isolate), NG-2 - Nova Gradiška (1 
isolate), BM-3,4,5,6 - Beli Manastir (4 isolates), S-7,8,9 - Sisak (3 isolates), V-10,11,12,13,14,15 - Vinkovci 
(6 isolates)
Fig. 2. Confi rmation of M. avium subsp. hominissuis in isolated mycobacteria
Legend: 400 - amplifi cation product size 400 base pairs; 600 - amplifi cation product size 600 base pairs; PK1 
- Mycobacterium avium sv. 8; PK2 - Mycobacterium avium sv. 4; PK3 - Mycobacterium avium sv. 2; PK4 - 
Mycobacterium bovis; Isolates of M. avium sp. from wild boar were lined by number and hunting ground code 
VG-1 - Velika Gorica (1 isolate), BM3,4,5,6 - Beli Manastir (4 isolates), S7,8 - Sisak (2 isolates), V10,11,12,13 
- Vinkovci (4 isolates)
Furthermore, amplifi cation product sized 300 bp was found in all isolated mycobacteria 
implicating that the isolated mycobacteria belonged to M. avium subsp. hominissuis sv. 
4-6, 8-11 and 21 - apathogenic for poultry (Fig. 2).
Discussion
Wild animals are natural reservoirs of various types of mycobacteria, particularly 
those pathogenic for humans. PRODINGER et al. (2002) described the fi nding of M. caprae 
in deer in Austria, PRODINGER et al. (2005) in camels in a zoo in the Czech Republic, deer 
72
Ž. Cvetnić et al.: Mycobacterium avium subsp. hominissuis in wild boar (Sus scrofa) in Croatia
Vet. arhiv 81 (1), 67-76, 2011
in the Czech Republic, wild boar in Hungary, and PATE et al. (2006) those in camels and 
buffalo in a zoo in Slovenia. BIET et al. (2005) differentiated mycobacteria into 2 groups 
according to their signifi cance for infection of humans and domestic animals. The fi rst 
group included the M. tuberculosis complex of specifi c socio-economic and public health 
signifi cance, and the second group included mycobacteria from the environment, among 
which the most signifi cant are those of the M. avium complex. Despite extensive research 
in the world, the issue of mycobacterial infection with M. avium is still of topical interest. 
In Croatia, except for routine control of the spread of tuberculosis in swine and cattle in 
intensive farming, there has been no control of the spread of tuberculosis among wild 
animals, including wild boars. Most recent studies by scientists in Spain on the European 
wild boar (Sus scrofa) and red deer (Cervus elaphus) show that they are reservoirs of 
tuberculosis agents in the wild (M. tuberculosis complex) and the most probable vectors 
to other types of domestic and wild animals and humans (VICENTE et al., 2006; NARANJO 
et al., 2008). It was proved that the badger (Meles meles) is a reservoir of M. bovis in 
Great Britain and Ireland (DE LISLE et al., 2001 and 2002). In research including almost 
all European countries, MACHACKOVA et al. (2003) isolated M. tuberculosis complex 
from wild boar samples in 33.9% cases and 39.8% isolates had M. bovis complex. As 
for other types of mycobacteria, isolated were also M. intracellulare (3.8%), M. avium 
subsp. avium (3.8%), M. terrae (2.4%), M. fortuitum (2.2%), M. scrofulaceum (2.2%), M. 
gordonae (0.8%), M. simiae (0.5%), M. szulgai (0.5%), M. xenopi (0.5%), M. smegmatis 
(0.2%), M. vaccae (0.2%), fast growing, non-identifi ed types (0.2%) and non-identifi ed 
mycobacteria (8.8%). TRCKA et al. (2006) isolated mycobacteria from 8.3% examined 
wild boar samples. 
Identifi cation of isolates was started by polymerase chain reaction by amplifi cation of 
a gene part coding 65 kD antigen (hsp65), present in all mycobacteria (TORTOLI, 2003). 
The characteristic product of amplifi cation of 383 bp was determined for all 15 isolates. 
In the following test, specifi c hybridisation by means of GenoType Mycobacterium 
CM kit (Hain Lifescience, Germany) differed primarily between the 2 most signifi cant 
mycobacteria complexes: M. tuberculosis complex and M. avium complex (M. avium 
sp. and M. intracellulare). Hybridisation tests, in general, are a signifi cant advancement 
in the identifi cation of mycobacteria types, as they make comparative testing of isolates 
possible. Their specifi city and sensitivity is high (80%), and non-specifi c reactions are 
very rare and mostly referred to fast growing mycobacteria or types that were not yet 
discovered at the time when tests were developed (TORTOLI et al., 2001; TORTOLI, 2003; 
TORTOLI et al., 2005; TORTOLI, 2006). In our typing we did not manage to identify any 
isolate as M. Intracellulare, while 11 isolates were found to be M. avium sp. 
After typing with Geno Type® Mycobacterium CM Molecular Genetic Assay, all 
isolates belonging to M. avium (11 isolates) were tested by means of the specifi c primers 
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P1 FR300 and P2 FR300. They are used to prove the insertion sequence IS901. Where 
IS901 is not integrated, the product size is 300 bp and isolates belong to M. avium subsp. 
hominissuis (serotypes 4 - 6, 8 -11 or 21), and where IS901 is there, product size is 1700 
bp and isolates belong to M. avium subsp. avium (serotypes 1, 2 or 3) (KUNZE et al., 1992). 
In the beginning, M. avium subsp. avium was considered pathogenic only for poultry 
(BONO et al., 1995), however later it was isolated from swine (RITTACO et al., 1998). In 
Slovenia, the ratio of M. avium subsp. avium in swine was 33.8% and M. avium subsp. 
hominissuis 60.9% (PATE et al., 2004). THEGERSTRÖM et al. (2005) isolated this type in as 
many as 46% swine with tuberculosis in Sweden. In our earlier investigation (CVETNIĆ 
et al., 2006) most mycobacteria isolated from swine belonged to Mycobacterium avium 
complex (175 or 95.7%). Other identifi ed species were M. fortuitum (6 or 3.3%), M. 
chelonae (1 or 0.5%) and M. peregrinum (1 or 0.5%). M. avium subsp. hominnissuis 
dominated over M. avium subsp. avium (138 versus 37 isolates or 78.9% versus 21.1%). 
Based on the typing of isolates from wild boar in Croatia, all 11 isolates belong 
to M. avium subsp. hominissuis. As in swine from intensive breeding, M. avium subsp. 
hominissuis is the dominant type of mycobacteria in swine in Croatia. The results lead 
to the conclusion that the most important source for wild boar is an environment (water, 
soil, sawdust) suitable for the development and survival of M. avium subsp. hominissuis, 
as confi rmed by former research studies by other authors.
_______
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SAŽETAK
Tijekom istraživanog razdoblja (2001. do 2005.) radi pretrage na prisutnost mikobakterija obrađeni su 
limfni čvorovi 123 divlje svinje iz sedam lokaliteta u Republici Hrvatskoj. Mikobakterije su izdvojene iz limfnih 
čvorova 15 (12,2%) divljih svinja iz pet lokaliteta. Specifi čnom hibridizacijom dokazano je da 11 (8,9%) izolata 
pripada vrsti M. avium sp., 2 (1,6%) izolata tipizirana su kao M. fortuitum, a 2 (1,6%) izolata pripadali su vrsti 
M. gordonae. Svih 11 izolata koji su pripadali M. avium sp. testirani su pomoću specifi čnih početnica P1 FR300 
i P2 FR300. U svih izolata veličina proizvoda iznosila je 300 parova baza što potvrđuje da se u svih radi o vrsti 
M. avium subsp. hominissuis. Kao i u svinja iz intenzivnog uzgoja, M. avium subsp. hominissuis predstavlja 
dominantnu vrstu mikobakterija u divljih svinja u Hrvatskoj. Na temelju dobivenih rezultata može se zaključiti 
da je po svemu sudeći najvažniji izvor za divlje svinje okoliš koji pogoduje razvoju i opstanku M. avium subsp. 
hominissuis, što potvrđuju i ranija istraživanja drugih autora.
Ključne riječi: divlja svinja, Mycobacterium avium subsp. hominissuis, Hrvatska
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